Background. UpToDate is an online clinical decision support resource that is used extensively by clinicians around the world. Digital surveillance techniques have shown promise to aid with the detection and monitoring of infectious disease outbreaks. We sought to determine whether UpToDate searches for Middle East respiratory syndrome (MERS) could be used to detect and monitor MERS outbreaks in Saudi Arabia.
Digital surveillance techniques have shown promise for aiding with the detection and monitoring of infectious disease outbreaks [1] [2] [3] [4] [5] [6] . UpToDate is an online clinical decision support resource that is used extensively by clinicians worldwide. Analysis of UpToDate search data showed a strong correlation with influenza activity in the United States [3] and was also useful for monitoring drug safety [7, 8] . The extent to which UpToDate search data could be useful for monitoring infectious disease outbreaks in different regions of the world is unknown.
Middle East respiratory syndrome coronavirus (MERS-CoV) can cause severe and sometimes fatal pneumonia. It emerged in 2012 in Jordan and Saudi Arabia and has subsequently caused both sporadic cases and outbreaks. As of late January 2016, >1630 cases of MERS-CoV infection and >580 associated deaths had been reported worldwide, mostly in Saudi Arabia [9, 10] .
There was a sharp increase in MERS cases in the spring of 2014 in Saudi Arabia, due largely to hospital-based outbreaks in Jeddah and Riyadh. These cases have been reported, which allowed us to compare UpToDate search query data with reported cases. The Jeddah outbreak in 2014 involved 255 patients [11] , the Riyadh outbreak in 2014 involved 45 patients [12] , and the Riyadh outbreak in 2015 involved 171 patients [13] . The Ministry of Health in Saudi Arabia has provided access to UpToDate to all individuals in Saudi Arabia since January 1, 2014. As a result, UpToDate is used widely in Saudi Arabia. This has provided us with an opportunity to assess whether UpToDate search queries are able to detect MERS outbreaks in Saudi Arabia.
METHODS
We counted the number of daily searches that were related to MERS in Jeddah, Saudi Arabia from January 1, 2014 to May 16, 2014 and compared them with reported cases during the same period [11] . We also counted the number of daily searches related to MERS in Riyadh, Saudi Arabia between March 29, 2014 and May 21, 2014 and compared them with reported cases during the same period [12] . These date ranges were chosen to correspond to the dates reported in published articles. For the outbreak in Jeddah in 2014, for symptomatic cases (191 of 255 cases; 75%), the date given for each case represents the date of onset of illness; for asymptomatic cases (64 of 255 cases; 25%), the date given represents the date of the test for MERS-CoV [11] . For the outbreak in Riyadh in 2014, for symptomatic cases (41 of 45 cases; 91%), the date given for each case represents the date of onset of illness; for asymptomatic cases (4 of 45 cases; 9%), the date given represents the date of virus detection [12] . In addition, we counted weekly searches related to MERS in Riyadh from June 20, 2015 to October 3, 2015 and compared them with cases reported by the World Health Organization [13] . We considered relevant search terms to be those related to MERS, coronaviruses, pneumonia, acute respiratory distress syndrome, or mechanical ventilation.
For the 2 outbreaks in 2014, we compared the results graphically by showing the 7-day rolling mean for the number of Up-ToDate MERS searches together with the 7-day rolling mean for the number of reported cases. The 7-day rolling mean for the date of interest was determined by calculating the average of the sum of the daily case counts for the date of interest and for 3 days before and 3 days after the date of interest. In contrast to the analyses of the earlier outbreaks, for the 2015 outbreak in Riyadh, we reported weekly cases and did not calculate the 7-day rolling mean because we only had access to weekly data for reported cases. We calculated the Pearson product-moment correlation coefficient for each daily (Figures 1 and 2) or weekly ( Figure 3 ) comparison of UpToDate MERS searches to reported cases.
For a control group, we analyzed UpToDate searches in 4 control cities in Saudi Arabia that were not having MERS outbreaks at the time that the Jeddah and Riyadh outbreaks were occurring in 2014; the control cities were Abha, Buraydah, Medina, and Tabuk. We selected these cities to be the 4 control cities because they did not have MERS outbreaks at the time of 2014 outbreaks in Jeddah and Riyadh and because the combined search volume of UpToDate searches in these cities was similar to the search volume in Jeddah during the same period. To establish a baseline for the Jeddah and Riyadh outbreaks in 2014, data were selected from January 1, 2014 to February 28, 2014 (considered an outbreak-free period). We calculated the mean and standard deviation for the baseline periods.
We used the following formula to calculate the signal (increased UpToDate MERS search activity in terms of number of fold increase over the standard deviation) for both the study groups and the control group: To provide background information about overall UpToDate search volume in Jeddah and Riyadh, we calculated the average number of daily UpToDate searches (for the 2 outbreaks in 2014) or weekly UpToDate searches (for the outbreak in 2015) in the relevant city both before and during the outbreak period of interest.
RESULTS
During the outbreak period in 2014, UpToDate MERS searches in Jeddah showed a correlation to the reported MERS cases; the correlation coefficient was 0.886 (P < .00001) ( Figure 1A ). In addition, UpToDate MERS searches in Jeddah during the outbreak period were significantly higher than those in the composite of the 4 negative control cities (P < .0001) ( Figure 1B) . In contrast, during the baseline period (January 1, 2014 through February 28, 2014), there was no difference between UpToDate MERS searches in Jeddah compared with those in the composite of the control cities (P = .936). Likewise, during the outbreak period in 2014, UpToDate MERS searches in Riyadh showed a correlation to the reported MERS cases; the correlation coefficient was 0.651 (P < .00001) (Figure 2A ). UpToDate MERS searches in Riyadh during the outbreak period were significantly higher than those in the composite of the 4 control cities (P < .0001) ( Figure 2B ). In contrast, during the baseline period (January 1, 2014 through February 28, 2014), there was no difference between UpToDate MERS searches in Riyadh compared with the composite of the 4 control cities (P = .904). During the outbreak in 2015 in Riyadh, UpToDate MERS searches in Riyadh also showed a correlation to the reported MERS cases (Figure 3) ; the correlation coefficient was 0.860 (P < .0001).
From January 1 to February 28, 2014 (before the first outbreak analyzed), the average daily number of UpToDate searches on any subject in Jeddah was 548. From March 3 to May 16, 2014 (during the first outbreak analyzed), the average daily number of UpToDate searches in Jeddah was 620. From January 1 to February 28, 2014 (before the second outbreak analyzed), the average daily number of UpToDate searches in Riyadh was 5561. From March 29 to May 21, 2014 (during the second outbreak analyzed), the average daily number of UpToDate searches in Riyadh was 5269. From April 11 to June 13, 2015 (before the third outbreak analyzed), the average weekly number of UpToDate searches in Riyadh was 22 526. From June 20 to October 3, 2015 (during the third outbreak analyzed), the average weekly number of UpToDate searches in Riyadh was 15 370.
DISCUSSION
Several studies support the utility of using internet-based searches for detecting infectious disease outbreaks, but most of these studies have used search engines that are used by the general public [1] [2] [3] [4] [5] [6] . Digital infectious disease surveillance techniques using large search engines such as Google Flu Trends show promise [2] , but, in some cases, they have underestimated (during the 2009 H1N1 influenza pandemic) or overestimated (during the 2012-2013 influenza season) disease prevalence [14] [15] [16] [17] .
Our findings suggest that analysis of UpToDate search activity could be useful for detecting and monitoring MERS outbreaks in Saudi Arabia. Although some of the UpToDate MERS searches may have been prompted by media reports, one study suggested that UpToDate searches related to influenza-like illness are less likely to be impacted by public anxiety and media reports and appear to have improved signal-to-noise ratios compared with internet searches by Google Flu Trends [3] . This may be because the majority of UpToDate users are clinicians.
Additional studies are needed to determine whether UpToDate search queries can be used to detect and monitor MERS outbreaks in other regions or to detect and monitor other infectious disease outbreaks around the world. If additional investigation further validates our approach, then UpToDate searches could be used to augment the existing surveillance techniques used by public health authorities. This could be especially valuable in regions of the world that have weak public health infrastructure [5] .
Limitations of this study are that we analyzed only a small number of MERS outbreaks in specific cities and that we evaluated these outbreaks retrospectively. However, this approach was required to compare our search query results with cases that have been reported in the literature. In addition, we compared the timing of UpToDate MERS searches with the timing of onset of illness because the majority of cases reported in the literature were classified by date of onset of illness rather than by date of laboratory diagnosis [11, 12] . Using these dates, it was not possible to determine whether UpToDate searches were able to detect a signal before the reporting of cases to public health authorities.
CONCLUSIONS
Our analysis suggests that UpToDate search activity is useful for detecting and monitoring outbreaks of MERS in Saudi Arabia. This report is consistent with the findings of a previous study that demonstrated the utility of UpToDate searches for tracking influenza-like illnesses in the United States. Further studies are warranted to determine whether UpToDate searches can be used to detect and monitor outbreaks caused by other pathogens and whether it can be used in other geographic regions.
